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INVESTIGATION OF THE STABILITY AND CONTROL CHARACTERISTICS OF 
A -SCALE MODEL OF THE CONSOLIDATED VULTEE XB-53 AIRPLANE 
IN THE IANGLEY FREE-FLIGHT TU NNET. 

By Charles V. Bennett 


SUMMARY 


An Investigation of the low-speed., power-off stability and control 

characteristics of a scale model of the Consolidated Vultee IB— 53 
airplane has been conducted 'in the Langley free— flight tunnel. In the 
Investigation it was found that with flaps neutral satisfactory flight 
behavior at low speedB was obtainable with an increase In height of the 
vertical tail and with the inboard slats opened. In the flap-down slat- 
open condition the longitudinal stability was satisfactory, but it was 
impossible to obtain satisfactory lateral— flight characteristics even with 
the increase in height of the vertical tail because of the negative 
effective dihedral, low directional stability, and large adverse yawing' 
moments of the ailerons. 


INTRODUCTION 

An investigation of the low-speed, power-off stability and control 
characteristics of a -^-scale model of the Consolidated Vultee IB-53 

airplane has been conducted in the Langley free-flight tunnel at the 
request of the Air Materiel Command, Army Air Forces. The XB-53 is a 
^et— propelled, eve pt forward , tailless bomber design. 

present investigation included force and flight tests of the 
model without power for both ; the flap— retracted and flap- 
configurations. 


^ The 
~ -scale 
extended 
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SYMBOLS 


S 

c 

b 

q. 
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a 

3 

cl 

cd 

Cm 

Cn 

Cl 

Cy 


Cn, 


0 


'H 


wing area, square feet 
mean aerodynamic chord., feet 
wing span', feet 

dynamic pressure, pounds per square foot 

air density, slugs per cubic foot 

angle of attack, degrees 

angle of sideslip, degrees 

aileron deflection, degrees 

l!ft coefficient (Lift/qS) 

drag coefficient (Drag/qS) 

pitching-moment coefficient (Pitching moment /aSc) 
yawing-moment coefficient (Yawing moment/qSb) 

rolling-moment coefficient (Rolling moment /qSb) 
lateral— force coefficient (Lateral force/qS) 

rate of change of lateral— force coefficient with 
angle of sideslip, per degree (dCy/dfi) 

rate of change of yawing-moment coefficient with 
angle of sideslip, per degree (SC n /dj3^ 

rate of change of rolling-moment coefficient with 
angle of sideslip, per degree 


Subscripts: 
l left 

r right 
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APPARATUS 
Wind Tunnel 


The investigation was made in the Langley free— flight tunnel 
' which was designed to test free-flying dynamic models. A complete 
description of the tunnel and its operation is given in reference 1. 

The force tests to determine the static aerodynamic characteristics 
of the model were made on the free— flight— tunnel six-component "balance 
which is described in reference 2. Ihis balance rotates in yaw with the 
model such that all forces and moments are measured with respect to the 
stability axes. A sketch showing the positive direction of the forces 
and moments and the definition of the stability axes is given in figure 1. 


Model 

The -scale model used in the investigation was constructed at 

the Langley Laboratory. A three— view drawing of the model is presented 
in figure 2 and photographs of the rnode.1 are given as figure 3* Table I 
gives the dimensional and mass characteristics of the full-scale design 
and the scaled— up dimensional and mass characteristics of the model. It 
was Impossible to duplicate the scaled-down moments of inertia on the 
i -scale model because of the weight” distribution of the materials used 

in the construction. A rough check of some of the estimated moments 
of inertia for the full-scale airplane indicates that the estimated values 
are probably low. The moments of inertia of the free— flight— tunnel 
model, therefore, are probably not as much greater than the airplane 
scale— down values as appears in table I. 

The wing of the model has a Rhode St. Geness 35 airfoil section 
ueruendicular to the 0.50 chord line. The substitution of this section 
for that specified for the full-scale design (NASA 65i— 012) was in 
accordance with free— flight— tunnel practice of using airfoil sections 
which obtain maximum lift coefficients in the low-scale tests more . 
nearly equal to those of the full-scale airplane using the design 
airfoil. 

For the flap-down configuration on the airplane, an outboard single- 
slotted flap with trai li ng-edge aileron is deflected and an inboard 
leading-edge slat is extended. (See fig. ^ . ) For the free-flight-tunnel 
tests, the inboard leading-edge slat was also used with the flap-retracted 
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configuration in an effort to improve the longitudinal and directional 
stability at high— lift coefficients. 

The model was modified for some of the tests by adding an extension 
to the design vertical tail as shown in figure 2. 


TESTS 

Force Tests 


All force tests were made in the Langley free— flight tunnel at a 
dynamic pressure of 3*0 pounds per square foot which corresponds to about 
3k miles per hour at standard eea-level conditions and to a test Reynolds 
number of 309,000 based on the mean aerodynamic chard of 0*961 foot* 

Force tests were made to determine the lift, drag, and pitching?- 
moment characteristics of the model with the flap retracted and flaps 
extended with the leading-edge slat on and off for an angle— of-attack 
range from —8° to 20 °. Because of the camber of the airfoil used on 
the model, it was necessary that the elevators and ailerons be deflected 
—10° so as to give about the same basic nit chi ng moment as the airplane 
with Its design airfoil. 

, o 

Force tests were made over an angle— of— attack range of — 1 5 yaw to 
determine the. lateral stability characteristics of the model with the 
vertical tail off, with the design vertical tail on, and with an 
extension on the design vertical tail. Tests were also made to deter- 
mine the effect of the leading^-edge slats on the lateral stability . 
characteristics for both the flap— retracted and flap— extended configu- 
rations. 

Aileron-effectiveness tests were made with flaps down over an . 
angle— of— attack range with the ailerons deflected up and down 20° and 
up 4 . 0 ° from" the zero neutral position. 


Flight Tests 

Flight tests with flap retracted were made with the leading^-edge 
slat on and off over a lift-coefficient range from = O.Ij -4 to 
Cl = O.83. In addition, some tests were made with an extension on the 
design vertical tail. 

In the flap— extended configurations, all flight tests were made 
with the leading-edge slat on. In addition to the tests with -the design 
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vertical tall, a few tests were made with an extension on the tail. 
Tests with the flap extended were made over a lift— coefficient range 
from C x,;= 0.h8 to = O. 98 . 


RESULTS AND DISCUSSION 
Force Tests 


The results of force tests made to determine the longitudinal 
and lateral stability characteristics of the free— flight— tunnel model 
are presented in figures 5 to 11 . Comparable data from reference 3 
obtained from higher speed tests (Reynolds number = 2,^30,000) of a 
-scale model at GALCIT (Guggenheim Aeronautical Laboratory, 

California Institute of Technology) are also presented on these figures. 
All free-f light— tunnel data are referred to the normal center-of— 
gravity location at 9.8 percent of the mean aerodynamic chard and all 
GALCIT data presented are referred to a center-of— gravity location 
of 11 percent of the mean aerodynamic chord. 

Flan retracted .— The longitudinal stability data of figure 5 indicate 
that the free— flight— tunnel results for the flap-retracted configuration 
were generally in good agreement with the higher scale GALCIT tests 
except for the greater reduction in longitudinal stability at the stall 
for the free-f 11 ght— tunnel model. This difference is probably caused 
by the difference in the scale of the tests. With the leading-edge 
slat extended, however, the pitching-moment curve for the free— flight- 
tunnel model remained stable at the stall (fig. 6 ) and was, in this 
respect, in agreement with the GALCIT results without the slat. It is 
believed, therefore, that the longitudinal stability of the free— 
flight— tunnel model at the stall with slat on will be representative 
of the airplane with slat off. The static margin was slightly reduced 
over the lift range up to the stall by the addition of the slat. 

Flap— retracted lateral— stability data for the free— flight model 
are presented in figure 7 along with the GALCIT data. The data are 
presented In the form of plots of the stability parameters C^, Cjg, 
and Cyg against angle of attack. These data indicate decreasing 
positive effective dihedral up to the stall, at which point the effective 
dihedral increased rapidly. The same general variation of effective 
dihedral with angle of attack was shown for both the free— flight and 
GALCIT models. 


S' 

.. O 
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The data of figiird 7 indicate about the same directional stability over 
the angle-of— attack range for both the free— flight and GALCIT models 
with slat retracted. A serious decrease in the directional- stability 
occurred above an angle of attack of about 12° for both models. The 
addition of the leading-edge slat to the free— flight— tunnel model 
eliminated this decrease in directional stability at high angles of 
attack but reduced the directional stability somevhat at lower angles of 
attack. , ' 

Flap and slat extended .— The longitudinal stability data of figure 8 
indicate good agreement between the GALCIT and free— flight— tunnel tests 
for the configurations with flap down and leading-edge slat extended. 

Both sets of data indicate a nosing down (stable) tendency at the stall. 

The lateral stability data presented in figure 9 show that the 
effective dihedral for both models is slightly negative at low 

angles of attack and increases negatively up to the stall, at which point 
the effective dihedral becomes positive. , 

The data of figure 9 also indicate that the directional stability 
for both models with the leading-edge slat off is low at the lower lift 
coefficients and decreases to the point of instability at high lift 
coefficients. Since poor flying characteristics were anticipated because 
of the low directional stability, an extension was added to the vertical 
tail (fig; 2) and data presented in figure 9 show that the extension 
increased the directional stability so that positive directional stability 
was obtained throughout the lift range. Test data obtained with the 
leading-edge slat on are also presented in figure 9 and shew that the 
slat greatly increased the directional stability at high lift coefficients. 

•N. 

The data of figures 7 and 9 have been summarized in figure 10 in 
the form of a lateral— stability chart. The slat-off data of figure 10(a) 
show the large, reduction in effective dihedral when the flaps are 
deflected 30 ° and also the reduction in directional stability, at the 
higher angles of attack. The addition of the leading-edge slat (fig. 10(b)) 
reduced the large change in- effective dihedral with flap deflection 
also reduced the change in directional stability vith angle of attack. 

Data showing the rolling and yawing moments produced by the ailerons 
of the GALCIT and free— flight, models are shown In figure 11, The rolling 
effectiveness of the ailerons on the free— flight—' tunnel model is less 
than that shown for the GALCIT model for the flap-down configuration. 

This is attributed In part to the gap seal on the flaps of the free— flight 
model which was used because of the difficulty encountered in keeping the 
gat> constant during the model flight tests. Force— test data (not 
presented) showed that the downgoing aileron on the free— flight— tunnel 
model with flap down was almost ineffective, which accounted for most 
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of the difference in the aileron. effectiveness of the GALCIT and free— 
flight models. Boiling moments obtained with one aileron up 40° were 
somewhat greater than those obtained with ^20° deflection on the free— 
flight model but were still less than those . of the GALCIT model with 
±20° deflection. The adverse yawing moments due to aileron deflections 
of -^20° for the GALCIT model are shown to increase with flap deflection 
end lift coefficient and are greater than those of the free— flight model 
with flans deflected. When one aileron was deflected up h0°, only small 
adverse yaw was obtained, at the lower lift coefficients and favorable 
yaw was obtained above a lift coefficient of 0.75. 


Flight Tests 

Flap retracted.— The flight tests made with the flap retracted, 

with the design vertical tail, and with the leading-edge slat off showed 
fairly satisfactory longitudinal and lateral flight characteristics 
at lift coefficients between O.hh and 0. 65 . At these moderate lift 
coefficients, however, mare directional stability was desirable, 
especially when flights were made with the ailerons as the sole means of 
lateral control, because of objectionable adverse yawing. Flight tests 
indicated that large amounts of rudder control (about -±10°) were 
necessary to overcome the adverse yawing. Above a lift coefficient of 
O.65 there was considerable yawing motion of the model accompanied at 
times by a nosing-up tendency which often resulted in the model going 
out of control. and crashing. Increasing the directional stability by 
adding an extension on the vertical tail was beneficial in that it delayed 
the onset of poor stability conditions to a slightly higher lift 
coefficient, but this did not reduce the severity of the Instability at 
the stall. The nosing-up tendency (fig. 5) at the stall appeared to be 
aggravated by the adverse yawing, and the combination of these two 
characteristics resulted in very erratic flight conditions as the stall 
was approached. 

The addition of the inboard leading-edge slat made the longitudinal 
stability satisfactory at the stall and it appears, therefore, that the 
longitudinal stability of the airplane with the slat closed might be 
satisfactory sinpe higher— scale force tests (GALCIT) Indicated that the 
airplane with slat off will have. about the same static longitudinal 
stability at the stall as the free— flight— tunnel model with slat on. The 
slat was also effective In Improving directional stability at high angles 
of attack and resulted in the directional stability being maintained to 
a higher lift coefficient which provided better flight behavior up to 
= O.83 although the yawing motions were still unsatisfactory. (This 
Improvement in flight characteristics would be expected from the force- 
test data of figs. 6 and 7.) 
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Since the data for "both the free— flight and GALCIT models indicate 
a need for the leading-edge slat to improve the directional stability- at 
the stall, it appears that a slat will be required far the airplane even 
though it Is not necessary from the standpoint of longitudinal stability. 

Flap extended .— The results of the flight tests of the model in 
the flap-extended configuration indicated no serious longitudinal- 
stability difficulties for the lift-coefficient range tested fc-^ = O.Mi 
to C L = O. 98 ). ' V 

The model had poor lateral— flight characteristics "because of the 
low directional stability and the large amount of negative dihedral . 

(fig. 9 ) and it was necessary to increase the rudder deflection from -ilO° 
to — 18° to overcome the adverse yaw of the ailerons. With, the Increased 
rudder travel, flights with combined aileron and rudder control were 
fairly good. Flights were very difficult to maintain, however, when "the 
ailerons were used as the sole means of lateral control. This was 
attributed to the large adverse yawing mameftt due to the ailerons shown 
for the flap— extended conf iguration in figure 11 and to the probable 
large adverse yaw due to rolling for this design. Large adverse yawing 
moments due to the ailerons are characteristic of this aileron-flap 
arrangement as shown by full-scale tests reported in reference h # 

The increased directional stability afforded by the extension 
added to the vertical tail was helpful in improving the lateral flying 
characteristics to the extent that less attention to the lateral control 
was required of the pilot when coordinated ailerons and rudder were 
used. Even with the extended vertical tail, however, flights with 
aileron alone were unsatisfactory because the application of aileron 
control caused the model to yav adversely and when the yaw became large 
the negative effective dihedral caused the leading wing to !f dig in" 
resulting in the model slipping off and crashing into the tunnel wall. 

Flights made with ailerons alone when the ailerons were deflected 
t0° in only the up direction indicated some improvement In the flying 
characteristics because, with the decreased adverse aileron yawing 
moments, the yawing motion did not build up so rapidly. The yawing 
motion, however, eventually did build up until the model vent out of 
control. 


CONCLUDING REMARKS 


The results of the free— flight— tunnel stability and control 
investigation of the ^-scale model of the Consolidated Vultee XB -53 

airplane may be summarized as follows: 


9 


HACA RM No. L?J17 
Flap retracted: 


1. ‘The model was longitudinally unstable at the stall without 
the slat hut was stable with the slat on. The airplane might" be 
satisfactory longitudinally since higher scale tests indicate that 
the airplane with slat off will have the same static longitudinal 
stability at the stall as the model had. with slat on. 

2. The directional stability afforded by the design vertical 
tail was low and dropped off sharply at the stall, which resulted in 
poor lateral— flight characteristics at the higher lift coefficients. 
The vertical—' tail extension improved the directional stability, but 
it was still unsatisfactory at high lift coefficients. 

3. The addition of the leading-edge slat eliminated the sharp 
drop in directional stability at high angles of attach. 


Flap extended and leading-edge slat open: 

1. The longitudinal stability was satisfactory throughout the 
lift range tested. 

2. The directional stability was Insufficient either with the 
design vertical tail or with the vertical— tail extension aided. 

3. The design flap-aileron arrangement gave large adverse yawing • 
moments due to aileron deflection. 

h. The large negative effective dihedral, together with the low 
directional stability and adverse yaw due to ailerons, resulted in very 
poor lateral stability characteristics even with the vertical tail 
extension added.' 


RECOtWERDATTQNS 


The following recommendations for improving the stability 
characteristics of the XB— 53 airplane are made on the basis of the 
results obtained In the free— flight— tunnel investigation: 

1. The use of a larger, higher asuect ratio vertical tail and 

an inboard leading-edge slat would crobably make the flau-up configu- 
ration fairly satisfactory. 

2. Increasing the directional stability by using a larger vertical 
tail would also be beneficial for the flap-down configuration, but it is 
extremely unlikely that even the largest vertical tail which could 
reasonably be used on the airplane would make It satisfactory. 
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The outboard Blotted flap with the trailing-edge aileron seems to he 
the source of the flap— down trouble, and the difficulty might be 
remedied by the use of some other high— lift device and another type of 
lateral control which would reduce both the adverse yaw due to aileron 
deflection and the negative effective dihedral. 
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TABLE I 


DIMENSIONAL AND MASS CHARACTERISTICS OF THE XB-53 



Scaled— Ur» 

Full-Scale 

Weight, lb ; . , ‘ . . . 

Relative density factor (m./oSb) 

51,456 

6.475 

60,211 

7.585 

Wing: 

Area, sq ft . . . 

Span, ft 

Aspect ratio 

Sveepf orward, 0.25 chord line 

Dihedral, deg . . . 

Msan aerodynamic chord, ft . 
Root chord, ft ....... 

Tip chord, ft* 

Wing loading, W/S, Ib/sq ft . 
Airfoil 

1380.0 
• 75.07 

4.00 

30.0 
7.0 

19.25 
24.75 
- 12.375 
37.3 

Rhode St. Genese 35 

1380.0 

75.07 

4.00 

30.0 
7.0 

19.25 
24.75 
12.375 
43.7 
KACA 65 x -012 

Vertical Tail: 

Design, area, sq ft . . . . . 
Extended, area, sq ft. . • . . 

i 

135.0 
155.5 ■! 

135.0 

Center-of-gravity location, 

percent M.A.C. ..*•••• 

9.8 

9.8 

i 

Moment of inertia: 

Full- load condition 



I , lb-ft 2 

a 6 , 906,000 

9,407,000 j 

JL O 

I_, lb-ft* 

*18,428,000 

7,593,000 J 

I z , ll>-ft 2 ....... 

a 26,139,000 

16 , 981,000 | 

Empty condition: 



i p 

i I , lb— ft* . 

V lb— ft* ....... 

! i" z , ib-ft ? • . 

1 

i 

(Impossible to 
ballast model 
to this condi- 
tion.) 

3.343.000 
. 6,241,000 

9.572.000 


a Free-flight-mcdel tests vere made at inertia values 
of between —10 percent of scaled— up listed values . 
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Figure 1.- The stability system of axes. Arrows indicate positive 
directions of moments, forces, and control -surface deflections. 
This system of axes is defined as an orthogonal system having 
their origin at the center of gravity and in which the Z -axis is in 
the plane of symmetry and perpendicular to the relative wind, 
the X-axis is in the plane of symmetry and perpendicular to .the 
Z-axis, and the Y-axis is perpendicular to the plane of symmetry. 
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Figure 3.- Photographs of - scale model of the Consolidated 
Vultee X3-53 airplane. 
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Figure 4.- Leading -edge slat and single slotted flap arrangement 
tested in the free -flight-tunnel investigation of the stability and 

control characteristics of a ^ - scale model of the Consolidated 

Vultee XB-53 airplane. 
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Figure 7.- Lateral stability characteristics of the scale free-flight- 

&\J 

tunnel model of the Consolidated Vultee XB-53 airplane compared with 
the scale GALCIT model. Flaps retracted. GALCIT data from 
reference 3. 
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Figure 9:- Lateral stability characteristics of the scale free- 

4jU 

flight model of the Consolidated Vultee ZB -53 airplane compared 
with the scale GALCIT model. ■ Flaps extended. GALCIT data 
from reference 3. 
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Figure 10.- ' Lateral stability charts for the Langley free-flight tunnel 
and GALCIT models of the XB-53 airplane. Design vertical tail. 
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Figure 11.- Aileron rolling and yawing effectiveness of the scale 

4j U 

free -flight-tunnel model of the .Consolidated Vultee XB-53 airplane 
compared with the A -scale GALCIT model of reference 3. 





